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Melanosomal pH, Pink Locus Protein and their Roles in
Melanogenesis
To the Editor:
We appreciate the opportunity to respond to the comments on our
recent article (Puri et al, 2000) by Ancans et al (2001).
Our hypothesis that the p protein functions to regulate
melanosome pH is based on the following observations:
1 Melanosomes are normally acidic. Indeed, more highly pigmen-
ted melanosomes are more acidic than less-pigmented melanosomes
(Moellmann et al, 1988; Bhatnagar et al, 1993; Ramaiah, 1996).
2 Melanosomes, as de®ned by organelles containing the melano-
somal marker protein, Tyrp1, are acidic in wild-type melanocytes,
but nonacidic in two independent melanocyte lines lacking
expression of the p protein (Puri et al, 2000).
3 The p protein is an integral melanosomal membrane protein
(Rosemblat et al, 1994).
4 The p protein is a 12 membrane spanning domain protein that
shares signi®cant homology with anion transporters (Rosemblat et
al, 1994; Lee et al, 1995; Brilliant, 2001), e.g., the oxyanion
translocating subunit of the ArsAB ATPase of bacteria, and several
dicarboxylate and sulfate transporters, revealed by BLAST search
algorithms.
5 Anion transporters are essential partners of vacuolar proton
pumps. Together they regulate the luminal pH of a variety of
intracellular organelles (Van Dyke, 1996; Grabe and Oster, 2001).
Whether the acidic conditions favor the enzymatic action of
tyrosinase or are required for other critical aspects of melanin
biosynthesis (e.g., the correct targeting of melanogenic proteins
such as Tyrp1 or biogenesis of melanosomes) is indeed an open
question as we indicated (Puri et al, 2000; Brilliant, 2001). As
pointed out by Ancans et al (2001), tyrosinase activity in vitro is
optimal at near neutral pH; however, it may very well be that the
in vivo activity of tyrosinase (where it is a melanosomal membrane
spanning protein) is optimal at a different pH (Devi et al, 1987).
Like Ancans et al (2001), we have also suggested that mistargeting of
melanosomal proteins may result from disregulation of melano-
somal pH (Puri et al, 2000; Brilliant, 2001), consistent with other
studies (Potterf et al, 1998; Orlow and Brilliant, 1999).
Acidi®cation of various intracellular compartments is important
for a number of processes, including receptor mediated endocytosis,
receptor recycling, and membrane traf®cking within the cell (Van
Dyke, 1996; Grabe and Oster, 2001).
We agree with Ancans et al (2001) that ``it is dif®cult to explain
how the p protein, which does not utilize energy from ATP, could
function against a proton gradient¼''. In fact, the p protein does
not function against a proton gradient. It works in concert with the
melanosome ATP-driven proton pump (Bhatnagar et al, 1993) that
is very likely the same pump present in endosomes, Golgi-derived
vesicles and lysosomes (Al-Awqati, 1995; Orlow, 1995). Based on
protein homology, the p protein is most likely an anion transporter.
Anion transporters are essential for the acidi®cation of these
organelle compartments by the ATP-driven proton pump (Van
Dyke, 1996; Grabe and Oster, 2001). Anion (Cl±, SO4
=, or
HCO3±) conductance provides the compensating charge balance to
electrogenic proton transport. We do not believe that the p protein
directly transports protons or other cations and we are unaware of
any data or protein homology algorithm demonstrating that the p
protein is homologous to the E. coli Na+/H+ antiporter as Ancans et
al (2001) state. The only statistically signi®cant homologies with
other proteins are to known anion transporters.
We accept the data by Ancans et al (2001) and by others (Ancans
and Thody, 2000; Fuller et al, 2001) that demonstrate increased
melanin synthesis in melanocytes that lack the p protein following
ba®lomycinA1, monensin, and NH4Cl treatment; however, in
these assays it would be important to know where this melanin
synthesis occurs. For example, increased tyrosine in the media
promotes increased melanin biosynthesis by p melanocytes (Sidman
and Pearlstein, 1965; Rosemblat et al, 1998), but this synthesis is not
primarily in melanosomes and the p protein is not a tyrosine
transporter (Gahl et al, 1995; Potterf et al, 1998).
In sum, we agree with Ancans et al (2001) that the relationship
between melanosomal pH and melanin biosynthesis is currently
unknown. Clearly further studies are warranted to understand the
386 LETTERS TO THE EDITOR THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
role of the p protein in regulating melanosomal pH and melanin
biosyntheis
Murray Brilliant, John Gardner
Department of Pediatrics,
University of Arizona School of Medicine
REFERENCES
Al-Awqati Q: Chloride channels of intracellular organelles. Curr Opin Cell Biol
7:504±508, 1995
Ancans J, Hoogduijn MJ, Thody AJ: Melanosomal pH, pink locus protein and their
roles in melanogenesis. J Invest Dermatol 117:158±159, 2001
Ancans J, Thody AJ: Activation of melanogenesis by vacuolar type H (+) -ATPase
inhibitors in amelanotic, tyrosinase positive human and mouse melanoma cells.
FEBS Lett 478:57±60, 2000
Bhatnagar V, Anjaiah S, Puri N, Darshanam BNA, Ramaiah A: pH of melanosomes
of B16 murine melanoma is acidic: its physiological importance in the
regulation of melanin biosynthesis. Arch Biochem Biophys 307:183±192, 1993
Brilliant MH: The mouse p (pink-eyed dilution) and human P genes, oculocutaneous
albinism type 2 (OCA2), and melanosomal pH. Pigment Cell Res 14:86±93,
2001
Devi CC, Tripathi RK, Ramaiah A: pH-dependent interconvertible allosteric forms
of murine melanoma tyrosinase. Physiological implications. Eur J Biochem
166:705±711, 1987
Fuller BB, Spaulding DT, Smith DR: Regulation of the catalytic activity of
preexisting tyrosinase in black and Caucasian human melanocyte cell cultures.
Exp Cell Res 262:197±208, 2001
Gahl WA, Potterf B, Durham-Pierre D, Brilliant MH, Hearing VJ: Melanosomal
tyrosine transport in normal and pink-eyed dilution murine melanocytes.
Pigment Cell Res 8:229±233, 1995
Grabe M, Oster G: Regulation of organelle acidity. J General Physiol 117:329±344,
2001
Lee S-T, Nicholls RD, Jong MT, Fukai K, Spritz RA: Organization and sequence of
the human P gene and identi®cation of a new family of transport proteins.
Genomics 26:354±363, 1995
Moellmann G, Slominski A, Kuklinska E, Lerner AB: Regulation of melanogenesis
in melanocytes. Pigment Cell Res 1:79±87, 1988
Orlow SJ: Melanosomes are specialized members of the lysosomal lineage of
organelles. J Invest Dermatol 105:3±7, 1995
Orlow SJ, Brilliant MH: The pink-eyed dilution locus controls the biogenesis of
melanosomes and levels of melanosomal proteins in the eye. Exp Eye Res
68:147±154, 1999
Potterf SB, Furumura M, Sviderskaya EV, Bennett DC, Hearing VJ: Normal tyrosine
transport and abnormal tyrosinase routing in pink-eyed dilution melanocytes.
Exp Cell Res 244:319±326, 1998
Puri N, Gardner JM, Brilliant MH: Aberrant pH of melanosomes in pink-eyed dilution
(p) mutant melanocytes. J Invest Dermatol 115:607±613, 2000
Ramaiah A: Lag kinetics of tyrosinase: its physiological implications. Indian J Biochem
Biophys 33:349±356, 1996
Rosemblat S, Durham-Pierre D, Gardner JM, Nakatsu Y, Brilliant MH, Orlow SJ:
Identi®cation of a melanosomal membrane protein encoded by the pink-eyed
dilution (type II oculocutaneous albinism) gene. Proc Natl Acad Sci USA
91:12071±12075, 1994
Rosemblat S, Sviderskays EV, Easty DJ, Wilson AM, Kwon BS, Bennett DC, Orlow
SJ: Melanosomal defects in melanocytes from mice lacking expression of the
pink-eyed dilution (p) gene: correction by culture in the presence of excess
tyrosine. Exp Cell Res 239:1±9, 1998
Sidman RL, Pearlstein R: Pink-eyed dilution (p) gene in rodents: increased
pigmentation in tissue culture. Dev Biol 12:93±116, 1965
Van Dyke RW: Acidi®cation of lysosomes and endosomes. Sub-Cellular Biochem
27:331±360, 1996
VOL. 117, NO. 2 AUGUST 2001 LETTERS TO THE EDITOR 387
